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miMAKKS 
Status of Claims 

Claims 21-29 are pending in the application. Claims 21-29 have been rejected. 

35 IJ.S.C. § 1 12 Rejections 
Tn the OHlce Action, the Examiner maintained his rejection mP claims 21-29 under 
35 U.S.C. § 1 12, first paragraph, as allegedly containing subject matter which was not 
described in the specification in such a way as to reasonably convey to one skilled in the 
relevant art that the inventors, at the time the application was filed, had possession of the 
claimed invention. Applicants disagree. 

The claims are directed to a method of inducing an immune response against a 
cancer cell in a mammal via administration of an auxotrophic attenuated strain Listeria 
comprising a heteix>logous (cancer cell) antigen. Applicants have demonstrated 
possession of the claimed invention by exempli Tying a method of inducing an immune 
response in a mammal using a particular auxotrophic Listeria as an example (see 
paragraphs 01 06-0 110). Applicants have also provided written description of other 
auxotrophic mutations (sec paragraph 0040), a description of how to generate 
auxotrophic mutants and methods to test for their auxotrophic phenotypc (sec paragraphs 
0037-0039, 0049-0057, 0079-0088, and 0092-0097), and methods to test for the 
immunogenicity of auxotrophic Listeria strains (see paragraphs 0057-0058 and 0090- 
0091). In addition^ auxotrophic mutants were known in the art, and the level of skill In 
the art of microbiology and specifically Listeria microbiology is very high, such that the 
generation of mutants is considered routine in the art and (MarquLs et al, Infect Immun . 
1993 Scp;61(9):3756-60; Camilli ct al, J. Bacter iol. 1990 Jul;172(7):3738-44 attached 
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hereto; Alexander et al. Infect Immun 61.5 (1993): 2245-8, attached hereto). Therefore, it 
would be clear to a person skilled in the art that the inventors had possession of the 
claimed invention. 

i'he Examiner alleged that "the disclosure fails to describe the generation of other 
suitable strains and fails to provide a reproducible means for obtaining said strains.'* As 
described above. Applicants provide numerous mctiiods in the specification ihitl would 
allow a person with ordinary skill in the art to generate auxotrophic Listeria strains. 

The Examiner further alleged that the subject specification does not provide 
support for other strains that are attenuated and highly immunogenic. However, examples 
of such strains were known in the iul at the time of filing (for e.g., Alexander et al.). Tn 
addition, the level of skill and knowledge in the art al the time of filing would have 
allowed a person skilled in the art to generate auxotrophic attenuated strains that are 
highly immunogenic for use as live vaccine vehicles, as was demonstrated by Alexander 
et al. Examples of methcxls that a person of ordinary skill in the art may use to render the 
auxotrophic strains more immunogenic arc disclosed in the subject specification 
(paragraphs 0061-0063). 

The Rxaminer also alleged that the disclosure appears to suggest that double 
mutants are required to practice the invention. Applicants disagree. Listeria strains 
comprising a mutation in at least one gene whose protein product is essential for growth 
of attenuated L. monocyiogems strains that can be used as vaccine vehicles arc disclosed 
in the subject specilication (see paragraphs 0038 and 0040), in the references described 
supra^ and in other references (for example, Rouquettc et al. FEMS M i crobiol Lett 133.1- 
2 (1995): 77-83 attached hereto). Thus, it is clear that a double mtitant is not necessary in 
all cases to obtain an auxotrophic mutant and/or to practice the invention. 
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AppHcanlH thank the Examiner who appears lo have accepted Applicants' 
arguments from the response to office action dated March 22, 2007 that a person skilled 
in the art would be able to substitute the attenuated auxotrophic strains knowii in the art, 
such as those described by Clamilli et al. and Marquis ct ol. for the auxotrophic strains 
described in the subject specincation, as the Examiner has not provided a rebuttal. 

The Examiner maintained his rejection of claims 21-29 under 35 U.S.C. § 112, 
nrst paragraph, alleging that the specification does not enable a person skilled in the iirt to 
make and/or use the invention commensurate in scope with the claims. Applicants 
disagree. Working examples for making and usitig attenuated auxotrophic mutant strains 
(see paragraphs 0107-0111) are provided, including detailed methodology to curtail the 
time required to carry out the generation of attenuated auxotrophic L monocytogenes 
mutants (see paragraphs 0037-0039 and 0049-0057 and 0061-0063), providing the 
necessary amount of direction or guidance for a skilled artisan lo generate auxotrophic 
mutants. Further, the state of the art and relative skills of those in the art at the time of 
filing would have enabled a person skilled in the art to generate other attenuated 
auxotrophic mutants (see, for example, Alexander et ah Infect Immun 61 .5 (1993): 2245- 
8)- Thus, based on the Wand's factors, the breadth of the claims is fully supported by the 
s*pecitication as filed based on tlie knowledge in the art at the time of filing. 

The Examiner conceded that while it is possible lo generate additional 
auxotrophic mutants, it Is allegedly unclear which of these mutants will remain 
sufficiently attenuated to not cause disease, but still allow expression and presentation of 
the immunogen of interest. Again, the specification describes methods of evaluating 
attenuated Listeria (sec paragraphs 0037-0039, 0049-0057, 0079-0088, and 0092-0097), 
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or evaluating imiDunogcnicity of Listeria (paragraphs 0057-0058 and 00SH)-009I), and 
examples of such aitenuated, immunogenic strains were presented in the specification 
(paragraphs 0106-01 10) and were known in the art (Alexander ct ah). Thus, it would not 
entail undue cxpcrimentalion to generate, identify, and use appropriate auxotrophic 
mutants. 

The Examiner alleged lhat the disclosure fails to describe the generation of other 
suitable strain^ or to provide a single working embodiment other than the dalVdat' double 
mutant. Applicants respectfully disagree and assert that the spocitication provides an 
enabling description of auxotrophic attenuated strains of Listeria other than dal and dat 
strains and Iheir generation (paragraphs, 009, 0037, and 0040), thus describing the 
generation ofolher suitable strains. 

The Examiner alleged that Marquis ct aJ. (Infect Immun 61.9 (1993): 3756-60) 
and Portnoy ct al. (US-Patcnt No. 5830702. November, 3. 1998) allegedly describe 
challenges involved in generating attenuated, auxotrophic Listeria mutants with the 
desired biological properties. More specifically, the Examiner indicated lhat Portnoy et 
al. allegedly states that certain nutritional auxotrophs may not be easily attenuated, and 
that Marquis et al. notes that transposon insertion auxotroph mutants were virulent and 
giew similaHy to the parental strain and lhat the intracellular milieu of eukaryotic cells is 
a nutritious niche that allows the propagation of Listeria mutants. However, the 
specification (see paragraphs 0 1 02 and 0103 and 0037) and the prior knowledge in the art 
(Alexander et al.) clearly report success in generating auxotrophic attenuated mutants that 
are avirulent and are used to protect the host from -wawocy/ogeiicT-related disease. 
Applicants note that it is not necessary that every permutation within a generally operable 
invention be effective in order for an inventor to obtain a generic claim, provided that the 
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effect was sulTicicntiy demonstrated to characterize a generic invention. Cqpp^ Vi 
Eshar (418 F 3d 1349 (Fed Cir 2005)). In this case, the method exemplified in dal/dal 
mutants would certainly lead a skilled artisan to use the method in other auxotrophic 
mutants. 

in view ofihe foregoing arguments, Applicants respectfully assert that claims 21- 
29 are proper under 35 U,S.C. 112 and rcspcctfiilly request that the rejections be 
withdrawn. Accordingly, the full scope of the invention as recited in the subject claims is 
tiiUy described and enabled in the subject specification. 

Should the Examiner have any question or comment as to the tbrm, content or 
entry of ihis Amendment, the Examiner is requested to contact the undersigned at the 
telephone number below. Similarly, if there are any further issues yet to be resolved to 
advance the prosecution of this application to issue, the Examiner is requested to 
telephone the undersigned counsel. 



Please charge any fees associated witr th i p i| 




1 o deposit account 'No. 50-3355 
submitted. 



Mark S. Cohten 

Attorney/Ageht for Applicant(s) 
Registration No. 42,425 



Dated: Octobers!, 2007 



Pearl Cohen Zedek Liitzer, LLP 

1 500 Broadway, 12th Floor 
New York, New York 10036 
Tel: (646)878-0800 
Fax: (646) 878-0801 



PAGE 8/26 ' RCVD AT 1IN31/2007 8:17:39 AM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-2r21 * DNIS:2738300 ' CSID:6464175S11 ' DURATION (inm-ss):10^ 



•31. Oct. 2007 14:11 PEARL COHEN ZEDEK LATZER 



No. 4073 P. 9 




MICROBI0LCK3Y 
LETTERS 



81_SEVIER 



FF.MS Micnibiology Ixtlcrs iXA (1005)77-83 
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Abstract ' 

A bank of TnO/y-insertioiwil mulftnw from the faeiilialive intraccHlutar pathogen Usreria mtmocytogrntts was screened by 
an wiglnal mclhtxJ based on bacHrrial growth on synthetic medium Mudcr iron-limilin^ conditions. One mutant, whose in 
vitro growth in synthclic medium was specifically dcpcnUent upon the availability of iron in iis environment, was Isolated 
and characterized. The inscrtional event occum;d in a non-cwliitg region* upstream of a mt openw and located wilhm u 
1 100 kb Norl fragment of the physical map. whcrt the virulence genes already identiHed in L ntonocy iox^iUfs were also 
pre»cm. Prvtein analysis by SDS-PAGE revealed a pleiotropic effect of the in.scrtional event on cell-aasociatca proteins, 
swfegcsting a polar effect of the transposon on wljacent unknown geiw(s). Ihc virulence in the mouse af this mutam was 
strongly impaired, although it was Capable in vitro of growing imraccllularty and of spreading from cell to cell. aA shown by 
the prtxluction of lytic plaques on cell culture. 

Keyvtonia: Uatena monftcytQK^ne^', Virulence; Iron 



L IittiHMliiction 

Iron is csiu^miat for bacterial growth, .serving as a 
catalyst in electron transpon processes required for 
respiration [I]. Bacteria exposed to iron- limiting con- 
dilions have elaborated a lar^c array of mechanisms 
to acquire free iron from the environment, especially 
bacterial pathogettR pj. Indeed, the concentration of 
free iron Fc^* in animal tissues does mrt exceed 
about 10"'** M, bccaujic iron is complexed to vari- 
ous molecule,*;, including heme and proteins, as 
lactnfcrrin and transferrin in the extracellular fluids 



- ContMpondin^ author. Tel.; (0 40 61 53 71: Fax: +33 
0)40 61 55 92. 



or ferritin and iroa-sulfur proteins In liie Intracellular 
environment [W This amount is not sufficient ui 
support microbial growth, since Gram-negative bac- 
teria require OJ-1.8 /jtM and Grain-positive bacteria 
and fungi 0.4-4 iron |3]. The limiting level of 
free iron in vivo therefore restricts the multiplication 
of most micn)organisms encountered ii\ nature, ex- 
cept microbial pathogens that replicate in host tissues 
during the infectious process (2). Although our 
knowledge on ttie mechanisms ut' iron acquisition 
systems in vitro have greatly progi'essed during the 
recent years, their relevance to the in vivo setting 
remains poorly understood, especially with regard to 
intracellular pathogens. 

Listeria monocytogenes is the prototype of facul- 
tative intracellular pathogens, responsible for severe 



0378-1097 /95/$(W.50 <C> l99S Federatlrtn of BuropcHii Microtiiologicul Swi<li«>. Al» nghw rc^terved 
SSDI O37»ll09y(9S)0n338-X 
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infections in most aninml species, including humans. 
The expression of virulence of this pathogen is de- 
pendent upon the in vivo level of iron, since adminis- 
tration of inm in mice increases its vinilence» whereas 
this can be reversed by removing host iron with 
chelating agents (4). Moreover, the intracellular 
amount of Iron regulated through transfemn recep- 
tors is e»sential for the biictericidal activity of 
macrophages and for intntcellular growth of L, 
mowKytogenes l5], Sevenil reports have studied the 
mechanisms of iron acquisitii>n in vitro by JL mono- 
cytogenes [6-9]. This p4thogen docs not produce 
sidcrophorcs, but instead reJeases a soluble, low 
molecular mass (8-10 kDa) reductant that removes 
Fe^"^ from transferrin and pix)duces Fe-* , tillowing 
direct interaction of Fc** with hiiclcrial surface 
binding sites [6]. This extracellular reductase requires 
NADH, flavin mononucleotide and Mg^^ as cofac- 
lors [7,8]. Other iron ucqutKition systems have been 
described, involving direct binding of ferric citrate 
on the cell surface 17] and direct binding of Inrnfifcr- 
rin through a specific 126-kDa receptor [9]. How- 
ever, nothing is known about the genetics of tliese 
iron acquisition systems and their role in vivo during 
ilic infectious process. In this work« we isolated an 
iron-dependent, Tn 9/7 Insertional mutant from L, 
monncyiogenes expressing attenuated virulence. 



2« Materisds and methods 

2J. Bacterial Strains and transposon mtitajdenesis 

Listeria monocytifgenc.s L028. a virulent 
hemolytic strain was used in this study. Mutagenesis 
was performed with iransposon Tn9/7 present on 
plasmid pTVj, as previously described 110]. Bacteria 
were grown to mid-exponenrial phase at 30*0 in BHI 
broth witli chloramphenicol (7 ^g ml"') and ery- 
thromycin (5 Mfi nil""')- 'Vt\9J7 insertion mutants 
were obtained by incubating bacteria 48 h at 42*^0 on 
BHi agar supplemented widi the f;amc concentration 
of erythromycin, thus selecting for transposition 
events from the plasmid into the chromosome and 
for loss of the plasmid pTVi. The transposon-in- 
duccd mutants were shown lo be chloramphcnicol- 
sensitive, plasmid-free. The transposition events oc- 
curred at a frequency of 10 ^. Each mutant was 



subculiurcd in BH! broth (erythromycin 10 /ig ml" ' ) 
on microplates Incubated for 24 h at 37'*C and then 
stored at -80^C. 

ZZ Culiur^ media and bavterit4l f:n/wth curves 

Bacteria were routinely grown on complex culture 
media, as Brain-Hcart-lnfusion (BHl) agar and broth 
(Diagnostics Pasteur, Marnes-la-Coquette, FranccX 
irypticase-soya agar supplemented with \% (w/v) 
glucose, and Columbia agar medium supplemented 
with 5% (v/v) horse bhH>d (bioMcrieux, Maruy^ 
PEtoilc, Fruncc). Biochemical identification was 
made on AFl-50 CH (bloMerieux). Hemolysin titra- 
tion and Iccithinase production were performed on 
culture supcmatanls of bacteria grown in BHl broth. 
iLs previously described [11). Anaerobic cultures were 
made on blood agar under anaerobic conditions 
(GasPak, bioM^rieux). A synthetic medium derived 
from that described by Ralovitch et al. [121 was also 
used. The base medium designated FO (2 X ) was 
composed as follows: KH JPO4, 9 g; KJHPO4, 21 g; 
NaCI, 10 g: (NH4)2S04, 42 g; glucose, 40 g: L-iso- 
leucine* 100 mg; i.-lcucinc» 100 mg; l- valine, 100 
mg; i.-argininc, 2O0 mg; L-glutuminc, 100 mg; L- 
histidinc, 200 mg: L-methioninc, 100 mg; riboflavin, 
8 ing: biotin. 8 mg; thiamine, 20 mg; MgSO^ • 7H2O, 
400 mg; CuClj • 6H ;0, 1 .8 m^; thioctic acid, 20 mg; 
cysteine, 0.4 mg; in a volume of 1 I. Cysteine was 
added before use. All products were obtained from 
Sigma Chemical Co, and Prolabo (Paris, France), 
This synthetic liquid medium FO contained less than 
I of iron and was supplemented in a volume of 
I I with double-distilled water (v/v) or with solution 
(14 g I * finuL v/v) agar (Agar Noble, Difco Labo- 
raUirics, Detroit, MT), and eventually added with 
increasing c<incentrations of FeS04 (Sigma) at pH 
7.2. FeSC)4 is cosier to dissolve at neutral pll than 
Fc2($04), or FeCl^. Wc also used FcCl, (Sigma) to 
complement the synthetic media with the same re- 
sults. According to the final concentration of FeSO^, 
these media were designated F35 (35 fiM\ F70 (70 
/xM) and F350 (350 /xM). FO was depleted of iron 
with a chelator, ethylene diamine A^,A/-diacctic acid 
(EDOA, Sigma). L028 could grow in liquid or solid 
synthetic medium FO added with up to 150 piM 
EDDA (final). Ihis iron-dcplclcd medium (d6.sig- 
natcd El 50) was used to screen iron-dependent mu- 
lanLs from I.028. Synthetic media were always inoc- 
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uiaicd with bacteria ij;rown on iron-limiting conUi- 
lions irtcubated for 48 h at 37°C. All bacterial cul- 
tures in Rynihciic media were mude with plastic 
flasks and iron-free materials. Growth curves ot 
mutants from L028 were followed after incubation 
of bacteria in shaking water bath ai 37**C on various 
synthetic media supplemented with erythromycin (10 
ml ' ). L028 was cultured in antibiotic-free 
medium. At various times, aliquots were adequately 
diluted and plated on BUI agar (bioMcricux) and 
coltHiies were counted after u 24-h incubation. The 
generation time was estimated by calculating the 
average slope of the bacu^rial replication curve dur- 
ing the exponential growth phase. 

2 J. Chemicals, enzymes, DNA techniques 

Rcstriclion enzymes were purchased from New 
England Biolabs inc, (Beverly, MA) and were used 
a<i prescribed by the manufacturer. Listeria chromo- 
somal DNA, DNA electrophoresis. Southern blotting 
and hybridization with P-l&helled probes were per- 
formed as previously described [10.13]. CUniing was 
done in pUClS using Escherichia coli MCI 061 
(13J. TJjc nucleotide sequence was determined by 
dideoxy-chain termintUicm method with the modified 
T, DNA polymerase sequenase^** (United States 
Biochemical Corp.). and [rt-^*SldATP. Pulsed-field 
gel electrophoresis (PFGR) was perfonned on chro- 
mosomal DNA of L monocytogenes us previously 
described [141. DNA samples in agamse were then 
digested widt 10 U of Noti (Biolabs) at 
Restriction fragments were separated by PFGE using 
a CHEF-DRII apparatus (Bio-nKlX After elec- 
trophorc&is» DNA was transferred to Hybond N filter 
(Amersham) as previously described 114]. Snudiem 
blot hybridization was peifomted using a erm probe 
obtained from Tn9/7 harbored on p l Vl [15]. The 
pmbc was labelled with digoxigenin-n-dUTP and 
detected witf) the Non-radioactive labelling and de- 
tection kit (Boehringer Mannheim Btochemieals, 
Tutzlng» Germany). 

2.4. Iron reductase activity 

The plaque assay for ferric iron reducing activity 
was as modification of the method of Dcnccr and 
Boychuk [8]. The bacterial suspension in distilled 
water (5 ;xl) was plated on TS agar with or without 



ferric amnwnium citrate (I mg ml"') and ethylene- 
diamine-di (0-hydroxyphcnylacetic acid) (EUDHA) 
(1.3 mM). After overnight incubation at 37**C, plates 
were iwerlatd with 0.5% low melting point agarose 
Mjluiiort containing MgCK (lO mM), NADH (l5 
/iMX flavin mononucleotide (FMN. 3 ^iM) and the 
ferrous iron chelator ferrozine (2 mM) which visual- 
ises the reduciasc activity as a purple color [81. E. 
coli MC106I was used as a negative control. 

2.5. SDS'PAGE and Western Not analysis 

SDS pblyacrylaraide gel (10%) electrophoresis 
was performed on washed bacteria as previously 
described (ML Proteins were detected by Coomassle 
brilliant blue (Bio-rad). - Western blot analysis was 
performed on supernatants from bacteria gn>wn for 9 
h at 37X in 2 mM EDDA-BHI broth, as previously 
described (llL using a rabbit anti LLO [II] and 
revealed with o peroxidase- labelled goat and-rabbit 
immunoglobulin (Organon Teknika, Cappcl, 
Malvem, PAX diluted 1:1000. Riizymatic activity 
was ivvcaled by the addition of diaminobenzidine-te- 
trahydrochloridc (Sigma) supplemented with hydro- 
gen peroxide (0.02^). 

2.6. Piague assays on ceil monolayers and virulence 
in the mouse 

Plaque ussays on nEp-2 cells were peribrmed as 
previously described [16], except that infecrion was 
made with various inocula from strains in the expo- 
nential gn)wlh pl^iase (lO**, 10' or 10* bacteria per 
well), l or virulence tests, speeiflc-paihogen-fnee ICR 
female Swiss mice (Charles River, St. Aubin-les- 
nibeuf. France), 6-8 weeks old. were inoculated 
intravenously with bacteria gnjwn in BHl. Virulence 
was estimated by monitoring bacterial growth in 
liver and spleen ai various times after Infection, as 
previously described [101, 

3. Results and discussion 

3J. i notation of a Tn9 1 7 -induced irtm-dependent 
mutant from L. mfmocyto^enes 

A bank of 3200 TnJ?/7-insertional mutants was 
constituted by using LC)28-pTVl and stored on itii- 
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croplates at -80X\ For screening. 10 jttl each 
well cont^jining indivtciuul muianL'; were subcuJtured 
on liquid synLhciic medium F35 supplemented with 
erythromycin (10 /Ag mP ' ) and incubated for 3 days 
at 37"C. This step of bacterial growth was crucial to 
paniaily deplete iron fmni the bacterial inoculiin) 
grown on BHl broth and to allow funher screening 
procedures. All mutants were grown up 4o 5 X 10' 
hHcieria ml~' and then screened on two liquid syn- 
thetic media contahiing erythromycin (10 /tig ml ' ' ): 
F350 (iron-supplemented medium) and El 50 (iron- 
depleted medium). Out nf 3200 mutants, only seven 
mutants were capable of growij^g on F35 and none 
on El. '50, as opposed to the parental strain L028 
which could grow on both media- One iron-depen- 
dent mutant, designated 3H12, was stable and was 
further chanicteri7£d, as compared to L02R and to a 
randomly chosen control, TnPyZ-inscrlional mutant 
19E8, also capable of growing on boifi screening 
media as well as the parental .<;train. The bacterial 
growtli of 3HI2 was Hrst studied on BHl broth at 
l^TC in a shaking water bath as compared ui L028 
and mutant 19E8. No difference in bacterial multipli- 
cation was observed between the strains, with a 
mean generation time estimated al about 0.7 h (data 
not shown). Growth of 3HI2 was then tested on 
liquid synil^etic media, FO, F70. and F3S(K after 
inoculation widi bacteria gmwn 48 h in F70 (Fig. 0. 
Bacterial growth o** L028 was restricted on synthetic 
media, with a mean generation time estimated at 4.2 
h on FO. Similar results were obtained with 19EX 
(not shown). In contrast, gn)Wth of 3H12 was 
severely inhibited on FO with a mean generation time 
of 17.5 h. Bacterial multiplication wu!» restored in 
3H12 by addition of Iron reaching 4.5 h in F70 (as 
compared to 3 J h for L028 and I9E8X and 3.3 h in 
F350, as the control strains. Moreover, bacterial 
growth curves of mutants were also determined in 
synthetic media added with ¥cC\^ widi the same 
results. These results confirm that bacterial replica- 
tion of 3HI2 is strictly dependent upon the availabil- 
ity of iron. 

3.2, Phenorypit amlysisofth€ iron-dependent Tn9 17 
mutant 

Mutant 3HI2 was only resi.<&tant to ciyihromycin 
and harbors a single copy of Tn9/7 as previoiLsly 
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I'ijiy. 1. Bacieria (mulant 3HI2 or Strain L02H) were ^rawn on 
liquid synthetic medium ht) (O). Of on the some medium complt)- 
mcnwd with Iron (PcSO^X either F70 ( ii) w J-^SO (a). Bacteria 
were counted by plaiing on BHl agar al progre^isive time. D^tP- 
rifll gmwth <if 3HI2 was Strongly rcRlricted uii FO. compared lo 
t^>2K. ond leMunKt by addition uf irvll. 



described 110,15]. It did not differ from L028 and 
19E8 with luspect 10 its microscopic morphology, 
colonial aspect, raotilily, catalase, lecithina.sc and 
bi«>chcmical rests on API-50 CH. No difference In 
hemolysin production on blood agar medium in aero- 
bic and anaerobic condition.*;. Hemolytic titers in 
<iupematants of BHl broth (10 h-18 h) were similar 
to those of control strains, a& confirmed by Wei^tcm 
blot analysis of supcmatants using an anti-LLO serum 
(not shown). The iron reducttise activity of 3H12 was 
not inhibited since the mutant could reduce ferric 
iron (as L028 and \9¥A\ giving rise to purple 
colonics on specific nM^dium. 

The protein pattern of 3HI2 was studied by SDS- 
PAGE with lysuies of washed bacteria grown on 
6HI broth. As illustrated in Fig. 2» several differ- 
ences were consistently detected in these conditions, 
especially the presence of additional bands (84- 97 
kDa). and the loss of two bands (22-25 kDa), as 
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Fig. 2. SUS-PAGE analysis uf bitClcrial fyMtCX from washed 
huvieria of muunt 3H12 (lone )) »nd L028 (Unc t\ Unc \ 
molecular jiirc murkcra. Several difTejfcnces were detectable, espe- 
cially the presence of iwo adJUlonal tvajKJs <84-97 kDa) and the 
l(M's of two baads (27.-25 kDa), as indicated by arrows. The single 
msertkMial event has a pleiotmpic effect in mutant 3H12! 

compared lo the protein patterns of IX)2S (Fig. 2). 
Mutant I9E8 displayed the satne pattern as L028 
(not shown). The same rcttults were obtained after 
growth on .synthetic medium FO (data not shown). 
No ditTerence was detected by SDS-PAOE analysis 



Rt 

of the supemaiantii (data not shown), indicating that 
rhe iron-dependent phenotype might be related to 
eel I -associated proteins rather than to secreted pro- 
teins. This pleiotropic effect on the protein pattern as 
a result of » single inscrtional event fuvoriii the view 
that the transposon inhibits a gene or a set of genes 
acting on multiple targets, such as regulatory ^enes 
that might control the injn-depcndcni phenotype. 

i..?. Tn9l7 has inserted in a nan-'Cf/ding region 
downstream of a rm operon 

The next step was to locale the site of the transpo- 
son insertion on the chromosomal DNA of /. mono^ 
cytogenes. For this purpose, the flanking region of 
the transposon insertion on the chmmosomal DNA 
of 3HI2 was cloned into die HinAWl site of pUClS. 
After iransfonnaiion of E, coli iransfor- 
maiil E, coli were selected for erythromycin resis- 
tance, the erm gene being located at the left end of 
Tn9/7 Without the HlndUl site, thus generating 
pAB21. The sequence analysis of the 3.14'kb insert 
of pAB21 revealed that Tn9/7 has inserted into a 
non-coding region of the chromosomal DNA (Fig. 
3). Interestingly, at the left pait of the 208-bp frag- 
ment uf chromosomal DNA, there is n 62-bp region 
showing 96% nucleotide homology with tfie gene 
coding for the 5S RNA of bacillus methantAicus and 
related Gram-positive bacilli belonging to the genus 
Bacillus (the 5S rRNA gene of* L. monocytogenes 
has not been previously sequenced). By cloning a 
5-kb EcoRl fragnrjent from the chromostimal DNA 
of L028 using a 214-bp llindlli-Atal probe from 
pAB2l, we sequenced a S(>2-bp fragment located 
downstream the 5S RNA gene, which shares almost 



208 bp 



HinOn EcttKy AviA trm MmdiW 



Lm 




Flu- 3. Schematic map of the r/i9l7 tiiftectiunal region of mutant 3HI2. A 52'4:ip sequence Ifwatcd at dx left part uf ihc chronnwionial UNA 
shares 96% nucleoiidic idenuiy with the gene coding for the SS RNA of tiarUtux metkamfiicus (Lm, UtttfiQ mtmttiytifgtntsi Bm. Bofillus 
me^mnaltcusy 
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100% nucleotide homology with the 23S rRNA gene 
of L monocytofjenes previously sequencert 117,18], 
thus indicating the left orientation of the rrn opcron. 
Wc then located the insertion of Jn9}7 on the 
chromosomal DNA by PFOE. The DNA fragments 
from 3HI2 and L028 were probe^l with an jnirj- 
genie enn probe, obtained iVom pTVl. It wa;* found 
by Southern bPoUing that the probe recognized only a 
large Noil fragment of 1 lOO kb previously identified 
as containing the virulence geties. incJuding the viru- 
lence operons prfA and lecithinase. and the inlA-inlB 
genes ( 1 4]. Our results indicate thai transposon inser- 
tion took place upstream one of the six rm operons 
described in L manocytogeruiS (1 41. The pleiotropic 
effect on the protein pattern of the mutant^ as a result 
of a single insertional event, strongly suggests a 
polar effect on adjacent unknown genes located at 
tlie right of the iransposon. By colony hybridization 
using the 214-bp Hin61\-Avd\ fragment from pAfi2l 
as a probe, wc succeeded in cloning a 5-kb region of 
L028 where Tn 9/7 had iosertcd. Sequencing of this 
entire region currently in progress shows that Tn9/7 
has inserted upstream of at least three ORFs oriented 
in the opposite direction of the rm opcron. 

J. 4. iron-dependent mutant has amnuated viruleftce 

Mutant 3HI2 was able to invade and grow in 
vitro in HEp-2 cells, producing lytic plaques of the 
same si/jc and number as thu5^c observed with the 
parental strain, indicating that 3H12 can invade* 
muUipiy inside host cells and spread from cell to 
cell, as L028. The virulence of bacterial strains 
(3Ht2, L028, and I9ii8) was then studied in Swiss 
mice by determining the kinetics of bsicterial growth 
in the spleen and liver after i.v, imxiulation of 5 X 10^ 
bacteria per ntouse (Fig. 4). L028 and I9E8 rapidly 
giBW in organs until Uic death of mice by day 3. 
reaching 10^ K)^ per organ. The early kinetics of 
bacterial multiplication of 3H12 was very similar to 
those of control strains in the spleen and liver during 
the first 24 h of infection (Fig. 4). suggesting thai 
bacteria were capable of invading and multiplying in 
hcpatocyies and macrophages. After 24 h, the growth 
of mutant 3H12 was curtailed, with a rapid eliminu- 
tion of bacteria from the spleen and liver by day 2-5 
of infection. 




.IVi-n — , , , 

IA6I2 M 2 3 4 » 

HOURS DAVS 




I/} friz 24 2 y 4 * 

IKIUaS DAYS 



Fifi. 4. Virulence in ihe irnuHc of muiam 3H12. Mice wen: 
iimculated Lv. with SxlO*^ bacteria ur vahouK RUnins (inuUini 
jtH12. O; L02S, ■; mutam 19E8. Bsctcriul gmwlh wum \}wn 
followed in the spleen snd liven The e>irly kinelit:.^ uf bacterial 
ipuwih of 3HI2 were very simllv to those of comrol strains 
during (he first 24 li uf infection. Subscquemly, bacterial growth 
or the mutant wiu reduced, thus resulting in tlic progressive 
elimination of bacteria (torn the organs. In coiict ast, mice infected 
hy L028 and died by day 4, witli a rapid unrcRtrlctcd 
multipUcatfon in organs. 

The finding that 3H12 produced lytic plaques in 
vitro on confluent HBp-2 cells confirms that the 
prfA-dcpendent virulence genes implicated in the 
iniraceliular cycle are fully expressed in 3HI2. The 
reason why bacterial gn)Wlh is curtailed in vivo after 
24 h of infection, at a time when bacteria arc re- 
leased from hepattx:yles due to the in situ recruit- 
ment of cytotoxic cells. Including neutrophils Il9]« 
remainK u> be determined. However, it must be con- 
sidered that the intracelivlar milieu contains a variety 
of potential iron sources readily available to intracy- 
loplasmic pathogens, including heme, heme proteins, 
llic iron storage protein ferritinf iron-sulfur proteins 
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and a small pool of free fenious iron. Therefore, it is 
possible that there is no strong iron limication in the 
intracellular environment for intracytoplaxmic bacte- 
ria, especially inside hcpalocytcs, which means that 
the ciirtailTTient of bacterial growth hi vivo might 
mainly take place as soon as bacteria arc released 
from their Intracellular sanctuary. Whether thi.s re- 
striction of bacterial growth is directly due to the 
iron-dcpcndetit phenoiype or to other unknown fac' 
Utfs that mighf be under the ssime control of putative 
regulatory gene(s) abrogated by the ininsposon inficr- 
tton» remains to be determined by the entire sequenc- 
ing of the in!»ertional region which is currently in 
progress. 
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A Imnvposoa insertion nratant of Listeria moitocytogcnea wiis sbown to be deficient in prcpheante 
flehydniC«se» ao eoi^yine acting late Id ttie pathway fbr l>lo9ynthe$i9 of piieiiylalaDiiie. Tliis mutant bad reduced 
vinikncc in mice. Tbe mutant and partnC siraiiic p«rsi8t«d Ifaa same extent in llie tissues of Infected mke aud 
elicited similar ftegrees of spIcnomegii|y« Mice vaccinated with the mutant wcfe protected significant]^ from 
substtpient cbaHeoge with yiruieai L, mtmocytagBnes. 



In farm animals, especially sliccp» losses due to deaths 
from listeriosis can be considerable (21). To protect against 
infection, Icitled and live attenuated strains have been used 
as vaccines in animalSp but with little or do success (1, 3. 8, 
13). The feiiure of pzevious live attenuated strains as vac- 
cinea is probably due to the method of attennation used (8, 
13). 

An alternative to the procedures previously used for 
making attenuated strains is the generation or strains with a 
defined mechanism of attenuation. This approach is the basis 
Of the suggestion that hemolysin-dcficicnt strains of Listeria 
monocytogenes could be suitable as attenuated strains for 
vaccines (15). However, use of these strains would exclude 
protection from the efifects of hemolysin, an important 
virulence factor (18). Thciefore, we decided to asse.<is the 
potential of aromatic amino acid-dependent, hemolytic 
strains of L. monocytogenes for use as live vaccines. Aro- 
matic ammo add-dependent (ttw) atrains of Salmonella 
typhimuriam ami Saimonella typhi are veiy successful ex- 
amples of the use of defined mutants as vaccines (12, 17* 19) 
against salmoneliosia. We assessed an aromatic amino add- 
dependent transposon insertion mutant otL» monocytogenes 
as a candidate va<:cinc in a mouse model of listeriosis. 

U Monocytogenes Lm.918.6 is an aromatic amino add- 
dependent mutant of the wild-type strain Lm,1070138 (2). 
Both strains were obtained from D. Portnpy, University of 
Pennsykvania^ and maintained as described be&ire (20). 
When necessary, minimal medium (6), supplemented with 
the appropriate amhio acid at 20 ii^ml. was used. Cdls for 
inoculation into mice were grown at 3XfC to late log phase in 
tryptosc soya broth (Difco)* supplemented when appropriate 
with ciythroraycin (25 lAg/ml). The cells were then resus- 
pcnded in tryptose soya broth containing 10% (vol/vol) 
glycerol and stored at -20pC fbr several months without 
significant loss of viability. When required, the bacteria were 
thawed rapidly, harvested by centrifugation, and resus- 
pended in Sterile dtstUled water. The specific activity of 
preplienatc dehydratase was assayed by the method of 
Nester and Jensen (16). Female MFl outbrcd mice. ca. 30 g 
in weight (Harlan Olac I-td., Shaw*8 farm, Bicester, United 
Kingdom), were used throughout. Mrulcnoe was estimated 



* Corresponding author. 



by determining the 50% effective dose (BD50). Doses of 
bacteria between 10*^ and 10° CFU in 100 |jJ of distilled water 
were administered intravenously to groups of five mice. The 
number of mice per group that reached the end point of the 
assay (i.e., became moribund) between days 0 and -6 was 
reconrded and used to calculate the by the log-probit 
method (the percentage of mice surviving to end point versus 
the log of the CFU inoculated) (S). 

In experiments to ascertain the numbers of bacteria m the 
livers and spleens, infected mice were killed by cxrvical 
dislocation at the desired times after infection* The spleens 
and livers were removed, weighed, and homogenized sepa- 
rately in 10 mi of sterile distilled water in a Stomacher^l^b 
blender (Seward Medical), and viable counts on tryptose 
agar were obtained (20), Results were expressed as mean 
counts of viable listeriae per gram of tissue. To determine 
whether vacdnation with Lm.918.6 conferred resistance to 
subsequent infection, mice were first vaccinated (intrave- 
nously) with 10^ CFU of l.jn.918.6 in water. The booster 
vacdnation was an identical dose of Idi.9I8.6 ffvctk 14 days 
after the initial vacdnation. At 28 days after the initial 
vacdnation with Lm.918.6, the EDsa of Lm.1070138 for the 
mice was determined as de.<ficribed above. Data were ana- 
lyzed by the Mann-Whitney U test (10) or the Kolmogorov- 
Smiinov test (10). 

Ljn.918.6 had been described previously as a Tn977 
insertion mutant that required aromatic amino adds for 
growth (2). To ensure that Lm.918.6 contained a single 
Tn9i7 insertion, a Southern blot was performed to EcoM- 
digested chromosomal DNA with a radiolabelled Tn977- 
specific probe as described in reference 2. Uncut plasmtd 
pTV32 was included as a positive contrcd, as it carries a 
single copy of TnP77 (22). The prot>e hybridized to a single 
EcoM fragment (Fig. 1). Since tnere are no recognition sites 
for EcoRlwithin TiiP/7 (2), Lm.918.6 appears to contain a 
single Tn9f 7 insertion. To chiiracterize more precisely the 
biochemical defect, aromatic amino adds and intermediates 
in the aromatic amino acid pathway were assayed for their 
ability to support the growth of Lm.9l8.6 in minimal me- 
dium. While phenylalanine and Its immediate precursor, 
phenylpyruvic acid, supported growth, neither tyrosine nor 
prephenate (a precursor of both tyrosine and phenylpyruvic 
acid) did. 'Vo explain this, the activity of prephenate dehy- 
dratase, ttie cnaeyme that catalyzes the conversion of pre- 

224S 
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I^G, 1. Southern blot of£<:«>RI-digcstcdLm.9lH.6 chromosomal 
DN A fa) and uncut plasmid pTV32 ONA (b). probed wilb a 1.5-kb 
«Tn»ipoisoii TnWr-spedflc DNA prabe (2). Lambda DNA dialed 
with either Akol w /IZndlll was uaed AS molecular weight roBTkers. 



phenic acW to phcnylpynivic acid^ in both Lm.lOTOl^g and 
Lm.918.6 was deteiiiiined. In Lin,9l«.6» the activity was 
0,02 U/mg of protciD, whereas the wild-type level was 7.00 
U/mg of protein. This suggested that the wnglc tratjsposon 
idsertlon in Lni,918.6 was affecting cjspression of the ph^A 
Bene, which encodes prephcnate dehydratase. As measured 
by EDst^ strain Lin.91fi.6 was significantly (P < O-O^) 
attenuated corapaicd with the wild-type strain, Un-1070138, 
in the mouse model of hsteriosis (Table 1). Lin.9ia*6 multi- 
plied to significantly (P < 0,05) lower numbers in both the 
liver and the spleen than Lm.lOTOlSS (Fig. 2A and B), After 
a dose of 10* viable cella of Lin,1070138, peak counts of 6 x 
10» CFU/g of spleen tissue and 7 x 10^ CFU/g of Uver tissue 
were obUlned after 3 days. At the same dose, Lm.918-6 
grew more slowly^ reaching peak counts of 2 x 10* and 9 x 
10^ CFXJ/g of spleen and liver tissue, respectively, at day 5 
(Fig, 2A and B). No significant difference (P > 0.05) ip the 
clearance of the two strains between days 1 and 9 was noted, 
and by day U, both strain« had been cleared (Fig- 2A and B). 
Maximum splenomegaly, as measured by the mean spleen 
weight of the five animals at each tfanc point, occurred 4 days 
after maximum nunibers of h&tertae were detected, i.e,. on 
day 7 postinfection with the wild-Qrpe strain Lm.l070138 and 
on day 9 postinfectiCHa with Ijn-918.6 (Fig. 2C), The extent 
of splcnome^^ induced by Lm.918,6 was not significantbr 



TABLE 1. Comparison of EDjqS 0# Lm.l070138 and 



Str^ 




fiD^(CFU) 




SEM 95% CL^ 




5.51 X 10* 
2.61 X 11)** 


4.97 X 10* IJ» >c I0*-2.37 x 
3.67 X IIP 7.00 X 10»-9,71 X 10* 



• Mean dow required to render 50% of the mice moribund. •» ai^niScuuiy 
different < OM) fimn vahia for Lni.lQra338. 
^ CL. eOrtfldftiKC limits. 
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. 2, (A and B) Concentrations of viable Lm.l070l3$ ( ) 

n.918.6 ( ) in spleens (A) and liven (B) of h«Pl mice over 



FIG. 

15 days afterlntravcnoiis'infcctton With 10* CFU'- Each point (A and 
B) represents the geometric mean for five mice. (C) Spleiiomegaly 
(exprcRsed us mean spleen weight, in sraitis) induced over 15 days 

tw Infection with 10* CFU of Lm.lOTOiaS ( ) and Lni.Vl$,6 

( ). Each point repreacnts the arittimetlc mean for five mice. 
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TABLE 2. Kffeci of vaccination with Lm.918.6 on the ED^ of 
wikhtypc Lm, 1070138 in mice 



Lm.918.6 






vacc&iwiioil* 




SEM 


95% CL* 


None 

1 dose 

2 dc»c$ 


5,51 X 10* 
1,73 K 10*» 
6.00 X 10*' • 


4,79 X 10* 
5,35 X 10* 
6.09 X 10* 


1.28 X lff»-2.37 X 10* 
1.73 X 10^-^.82 X 10* 
1.37 X 10^-2.62 X 10' 



* Each VHOoinatuv dose cootained lO' CFU of Lin.9lB.6, given hilrave- 



^ Mean dose icqpired (o rander SlOffh of the mice imirilnind. SfgnlHcmtly 
diflcrcBt (P < 0.05) from vHhie for unvacclnated mice; algnlftcantJy 
diff«rent < QJQS) fVom vatu* fot inic« receiving One daw. 

' CX» oonflttenoe limits. 



different (P > 0.05) from that induced by Uii.l07D138 (Fig, 
2C}r but the duratioti was significanUy reduced » with spleens 
returning to noxmal weight 11 days postinfection (Fig. 2C). 
In contrast, with ljn.l070138« splenomegaly was maimoined 
for at least 15 days postinfection (Fig. 2C). In all these 
esqieTimcnts/thc phcnolypc and genotype Lm .918.6 ic- 
covered from the infected animals were confirmed by growth 
on minimal medium and by Southern blotting with Tn9i7- 
speciftc PNA probes. In aH cases^ Lm,918.6 remained 
PbeA~ with a sui^e transposon insertion (data not shown). 

To detenninc whether vaccination with Lm.918.6 con- 
ferred protection against subsequent infection, mice were 
first vaccinated with Lm.918.6 and then challenged 28 days 
later with Lm.l070138. The ED50 of Lm.l070138 was signif- 
icantly {P < 0.05) greater in mice vaccinated with one dose 
of Lm.918.6 than in nonvacdnated mice (Table 2). In addi- 
tion, a significant {P < O.OS) booster e£Eect was seen when 
mice were given a second dose of Lm.918.6 14 days after the 
initial vaccinatian CTable 2). Therefore, strain Lm.918.6 with 
a transposon insertion which affects pheA expression is 
attenuated in the mouse model for listeriosis. In the same 
system, it confers significant protection against infection by 
virulent L. fttonocytogenes^ with a pronoimccd booster 
effect upon second vaccination. This is the first evidence that 
an auxotrophic mutant of L. monocytogenes can be attenu- 
ated in a manner similar to that descrit>ed for aro mutants of 
5. typhimuriian (17). Why a marked reduction XnpheA getie 
expression should result in attenuation is not yet dear. It has 
been hypothesized that in aroA mutants of t^^imuwium 
atteniiaucm may be due to an inability to synthesize ^ami- 
nobenzoate am! difaydroxybcnzoate (7). Since Lm.918.6 
should be capable of making both p-aminobenzoate and 
dihydraocybcnzoate^ attenuation in this case may reflect the 
poor .availability Of phenylalanine in mammalian cells. In 
addition, feedback hihibition of earlier aromatic pathway 
enzymes by the accumulation of prephenate, the substrate of 
prcphenate dehydratase (9), may also be occurring. Reduced 
virulence of pheA mutants of gram^ncgative or gram*poaitive 
bacteria has ngt^ to our knowledge, been reported previ- 
ously. Studies of aro mutants of SaimoneUa spp. (4, 11) 
suggest that a strain of L. monocytogenes with multiple 
lesions in the pathway Of aromatic amino add ^thesis 
might prove to be more attenuated than Lm.918.6. Future 
studies wilt attempt to introduce Such additional mutations 
into Lm.918.6. This should serve to increase the attenuatkin 
and also reduce the risk of possible reversions in vivo. It is 
entirely feasible that such strains could be useful as vaccines 
In farm animals. 

In addition to their potential as vaccine strains, nonrevert- 
mg aromatic amino acid-dependent mutants of monocy- 



togenes may be exploited as carriers of cloncd gram-positive 
virulence factors and protective antigens of other pathogens, 
as has been reported for similar strains of Salnumelki (4» 14). 

W« thank D. Portaoy, Uoiv«rfiity of PtennsyMuiia, tbr strains 
Lm.918.6 and Lm.l070138. 

On« of us, J.E.A., thanks the Medical Rcsoarch Conndl of Oreat 
Britain for the award of a postgraduate studentship. 
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To carry mil efficknc Insertkmal mutBgeacsb bi Urt*Ho monocyUfgen^s and to tedHut^ tbet characteHzAtkm 
of disrupteil genes, two novel derivatives of Td9/7 were constructed, Tii9jrr-LTV1 ami TidiPi7-LTV3. t1i« 
derivatives (i) tratK^Hise at a s^iificantly elevated frequency* (fl) goierato trmacrlptlaiui laeZ ta^om when 
Inserted into a chrottMOTaial gene in the appiti^^ 

toU of clifOiiMiBOiiial DNA Ranldng transtiOMll iDsefftloiuk The rapM cloning of DNA flanldng fanertfow Is 
possible because the transpoeon derivatives carry ColEl reptteatlon Amcdons, a ^utcr of pc^^^ dontog 
S^Tiind antfbtotlc resistance genes seltetaWe In E. cofi (Ws to Hit of Wi ^^LTV inw MdMi intteose 
of Tn9/7.LTV$). The enhanced transposllion fluency of Tn^ir-LTVl and TWi7.LTV3 (ab wit lOO -ftiM in 
iJaciffiw sBWIiff) is be«eved to be due <P Ae IbrtBllotts piae^^ 
tfcBTll9l7tf»BspoMegeiie-lnL-iiiojio«ijtfbgeiMf»^ 

tntraduced ^^T^E^i^TnMvyi vector and generated at least differeni au»ifav^ mntatkms. Two 
iMliemolytk Ins^tt mutants of L. 

was doned directly into £ . c«>a, maklne use of the ColEl rep functions and fuogoie carried by 1^ ' 7aaPV3, 
SMbT^rt^ were shown to be within hlyA, the L, monocytogenes bemolysfa. smietnrai goie. Alth«j^ 
Tta917-LTV1 and Tta9i7-LTV3 wer« constructed ^tctaeaily for genettc analysis of ^ 
enhanced transposition frequency and cooveaiena fbr donfaig of DNA Bdjacent to^ ^^l^ll?^"^* ^ 
Se tniSiwra^^ inseroonal mulagenesis to any gram-podllve bacteria that snpport 

replication of pElMTs. 



Listeria monocytogenes Is a gram-positive, fecultalive 
mtracellular pathogen responsible for infrequent but often 
severe infecliuns in humans characterized by meningitis* 
meningoencephalitis, scpticimia, and fetal death (37). L. 
monocytogenes is ubiquitous in nature and, in addition* cmi 
be isolated from a wide variety of waim-blooded animals 
<36), Historically, L, monocytogenes has been used as a 
model intiuceUular path««cn for studies of ccU-mediated 
immunity (IS. 25, 30). Recently, it has been shown that L, 
monocytogenes can infect and grow within a wide variety of 
cultured animal cells (16, 23. 35) and spread ccUrto-cell 
virithout ever leaving the host cytoplasm (39). Very little is 
understood, however, about bacterial deUraiinants neces- 
sary for cdl attachment, uptaice. intracclluhir Sfowth, or 
cell-to-cetl spread during the course of an infection- Such 
studies have been fahidered by the lack of tools for genetic 
manipulation of L. monocytogenes. 

Tiansposon-mediated inscrtional mutagenesis was re- 
cently demonstrated id monocytogenes by the introduc- 
tion of the coi^jugativc transposons (11) and Tn9;<J 
(13), Tnl545 was delivered into L. monocytogenes at a 
frequency of approximately 10"" through coiuugation with 
strains ofL. monocytogenes harboring this transpOSOn (17), 
and Td9;d was mtroduced through coiuugation with 
containing strains oX Enterococcus faecalis at afi^qucncy of 
lO"** (20), TTieae relatively tow frequencies of transposition 
make it mconvenient to carry out large-scale mutagenesis, 
however, and the randomness of insertion of conjugMive 
transposons is limited by the requirement for sequence 



* Corre^tpoodlng author. 



homology between both ends of the elements and sequences 
sufTOundtog the sites of integration (9, 35). Cossait et al. (10) 
have recently introduced the ToJ-like transposon Tni>l7!nto 
L. monocytogenes, carried on vector pTVl, and demon- 
strated its utility for Inscrtional mutagenesis. This transpo- 
son exhibits a high degree of inscrtional randomness in 
Bacillus subttiis as weJl as many other gram-positive bacteria 
and generates extiemcly Stable inscrtional mutations (47, 
49). More importantly* extensive information exists con- 
cerning the physical and genetic organization of TaPi7* 
which facihtates altering the transposon in ways that might 
enhance its utility in species such as L. monocytogenes (38* 

To take full advantage of the fact that Tn9/7 can fimctlon 
in L, monocytogenes^ we have constructed two modified 
fonns of the transposon, Tki9i7-LTV1 and Tn9/7-LTV3. 
These derivatives were designed to include the following 
features. First, they are carried by highly temperature- 
sensitive derivatives of vector pElWTs (41), This simplify 
the recovery of chromosomal insertions. Second, they con- 
tain a promotertcss copy of the Escherichia coli lacZ gene 
orientated such that tosertions into chromosomal genes can 
generate transcriptional lacZ fusions. Third, they contain, 
immediately downstream from the lacZ coding sequence, an 
i?. coli cloning vector that includes a gene selectable in £, 
coli, a gene selectable in B. subtOis, Colfil replication 
ftmctions* an M13 origin of repUcaUon, and a duster of 
polylinker cloning sites. The polylinkcr sites fa<>llitate the 
recovery in £. coli of chromosomal DNA a4iacent to sites of 
insertion, particularly DNA on the promoter-proximal side 
of iransposon-mediated lacZ Cbstons. An extremely impor- 
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tant but unanticipated advantage of these transposon deriv- 
atives is the fact that they exhibit a much higher frequency of 
transposition than previously described versions of Tn9i 7 
(as much a? 100-fold greater in subtilis). This should 
greatly simplify obtaining libraries of transposon-mediated 
lac fusions in a wdde range of bacteria. 

To Investigate the randomness of Tn9y7 insertions in L. 
monocytogenes and to test the vtUity of our modified deriv- 
atives of the transposon, several independent insertion li- 
braries were obtained with Tii9i7-LTV3 and screened Cor 
various kinds of insertional mutations, tnserttonal auxo- 
trophic mutations in at least eight distinct loci were obtained. 
The results suggi»t that hotspots may exist in the L, mono- 
cytogenes chromosome where Tn9/7 insertions arc more 
frequent but that the overall degree of randomness is of a 
high order. Several insertions were also obtained within the 
hiyA gene, which encodes a hemolysin protein whose activ- 
ity is a critical virulence determinant of Che organism. A 
physical analysis of these hiyA: :Tni9 1 J-LTV^ insertions re- 
vealed them to be distributed throughout the MyA coding 
sequence and in both orientations with respect to the tran- 
scriptional polarity of the gene. Insertions in the appropriate 
orientation expressed ^galactosidase at high levels. Two of 
the insertions were used to rescue, into £. colt, chromo- 
somal DNA flanking the insertion junctions. 

MATEIUALS AND MFTHODS 

Bacterial Strains* The B, BuhtlUs host for plasmid construc- 
tions and transposition studies was DD170 UrpC2 fhr-S) (13). 
The £. co!i host for plasmid constructions was HBlOl 
[hsdS20 (rp- mp') recAIS ara-M proA2 tacYJ galK2 
rpsLZOiSm^ xyl'5 mtl-J supE44 \^\ (5), The E. coli host 
for recovery OIL, monocytogenes DNA sequences flanking 
transposon insertions was MC1061 {h$dR mcrB araD139 
MaraABC'leu)7679 ^acX74 galU galK rpsL thi\ (7). The L, 
monocytogenes host for transposition studies was 104O3S 
(2), 

Culture media «nd reageots. Unless otherwise specified, 
all strains were cultured on Luria-Bcrlani (LB) medium (12). 
All antibiotics were purchased from Sigma and were used at 
the following concentrations: 12.S fjug of tetracycline per ml, 
1 (xg of erythromycin per ml, 25 Of lirtcomycin per ml, 10 
lig of chloramphenicol per ml » 50 m-S of ampicillin per ml, and 
20 ^g of kanamycin per ml. 5-Bromo-4-chloro-3-indolyl- 
^D*galactopyranoside (X-^) was used at 40 ^^tcii in agar 
media. ^-Galactosidase activity in LB liquid cultures was 
assayed as described by MiUcr (28), All restriction enzymes 
and DNA-modifying enzymes were used according to the 
specifications of the manufacturer. 

ConstmctioD of pLTVl and pLTV3. The extreme replica- 
tion thermosensitivity of p£194Ts is due to a point mutation 
in Its repC gene (41). This mutation was transferred to 
pTVSl (50) by transforming B. subtilis FY339 containing 
PBD95TS (46) to TC with pTV5l DNA linearized by diges- 
tion with Pst\. Among the in vivo products of recombination 
was pTV3lTs, whose tcmpciature-sensitive replication 
properties were evaluated on media containing erythromycin 
and lincomycin. To obtain pLTVl (Fig. 1), equimolar quan- 
tities of ^amHI-digested pTV5lTs and i/r/idlll-digcsied 
pBG5 DNA (50) were ligated at a total DNA concentration of 
10 »J«/ml» after treating digested fragments with the Klenow 
fragment of DNA polymerase I to produce Aush ends (43), 
and the ligation products were used to transform E. coll 
HBlOl to Tc*" by using standard methods (34). To obtain 
pLTV3, the Ma gene in pB05 was replaced with the neo and 
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ble genes from Tn5 (26) prior to insertion into Tn9/7-/flc. 
This was accomplished by insertion of the 1.9-kilobasc 
fifndtlhBamHl fragment from Tn5 containing its neo and 
ble genes into the 4.3-kilobase Pvui-EcoRl backbone of 
pBG5» after treatment of fragments to produce flush ends 
(43). To recover pBGS-neo, the ligation mixture was used to 
transform E. coU HBlOl and Km' transformants containing 
pBGS'neo were selected. Flasmid pBOS-/ieo was digested 
with ffindlll^ treated with Klenow flragment» and ligated In 
the presence of an equimolar amount of 5i?uil-digested 
pTV51Ts. To recover pLTV3, the ligation mixture was used 
to transform E. coU HB101» with selection for Tc' transfor- 
mants, PiasmW DNA was prepared from E. coll HBlOl 
tninsfonnants harboring pLTVl and pLTV3 after growth in 
LB (12) containing ampicillin (pLTVl) or kanamycin 
(PLTV3), 

PLasmids pLTVl and pLTV3 were introduced into B, 
subtilis BD170 by transformation Of naturally competent 
cells (1). B. subtilis transformants containing pLTVl and 
pLTV3 were designated strains DP-B982 and DP-B983, 
respectively. Plasmid pLTV3 was introduced into L. mono- 
cytogenes 1(K03S by transformation of protoplasts as de- 
scribed below. 

TVaiisfoniiation <tf L. tnonocyt9gen>e$^ Protoplasts of 
monocytogenes were prepared and transformed with plas- 
mid DNA by using a modification of previously described 
procedures (42). Log-phase L. monocytogenes cells at an 
optical density (600 nm) of O.S were harvested from a 20-ml 
brain heart infusion culture and were washed in 20 ml of 
H2O. The cells were suspended in 2 ml of 0.1 M sodium 
phosphate (pH 7.0), and 0.5-ml portions were dispensed into 
four sterile 15-m] Corex tubes. To each tube, 4.5 ml of a 
solution containing 0.67 M sodium phosphate (pH 7.0) and 
0.34 mg of bile salts (Sigma) per ml was then added. A 1 
mg/ml solution of porcine pancrcase lipase (Sigma) in 0.1 M 
sodium phosphate (pH 7.0) was cenUil\iged at 10,000 x ^ in 
a microcentrifuge for 30 s, and 1, 3» S» or 10 |ii of the clear 
supernatant was added to each tube of cells. The cells were 
incubate at 37°C with gentle shaking for 15 min, 50 (Jil of 0.) 
M CaClj was added to each tube» and the incubation was 
continued for 45 min with gentle shaking. A ^ml portion of 
0.155 M NaCl was added to each mbe, and the cells were 
pelleted at 4.300 x g for 15 min. Each cell pellet was washed 
once with 5 mi of 0.155 M NaCl and suspended in 0-5 ml of 
0.155 M NaCl by vortexing vigorously. To each tube, 4.4 ml 
of a solution containing 0.34 mg of lysozyme per ml, 0.03 M 
Tris hydrochloride (pH 6.7). and 0.45 M sucrose was then 
added. The cells were Incubated at YTC for 15 min with 
gentle shaking, 0.1 ml of 1 M MgCl^ was added to each tube, 
and the incubation was continued for 3 b at 37*^ with gentle 
shaking. Formation of protoplasts was followed by phas^ 
contrast microscopy. Cells from the tube showing ttic high- 
est percentage of protoplasts were pelleted at 7,600 x 5 at 
25""^ washed once in 5 ml of SMMP (2x Difco antibiotic 
medium no. 3, 0.5 M sucrose, 0.02 M malcate, 0.02 M MgCH^ 
(pH 6.5], adjusted with NaOH), and suspended in 200 |ii of 
SMMP. For transformation, 1 pg of pLTV3 DNA was added 
and the solution was mixed by gentle swirling followed by 
the addition of 600 pJ of 40% PEO (Sigma; 2,500) in 2x 
SMM (SMM is SMMP without Difco medium). The solution 
was gently mixed by swirling, and after 3 min at room 
temperature, 6 ml of SMMP was added. The protoplasts 
were pelleted at 7,600 x g for 15 min at 25*C, resuspended in 
200 id of SMMP containing a subinhibitory but inducing 
concentration of erythromycin (0.04 |i.g/ml), and incubated 
at 30^ for 1 h to allow the inducible expression of the 
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FIO. 1. The construction of pLTVl aiKl pLTV3. Flasmid pBG5 (50) is a ColEl-ilerived rcplicfm which contains the pBR322 ^lactamMC 
flene (frte) (4), Ml3nipl9 polyfinktr (43), and Staphylococcus aureus pC194-<leriv6d cblammpheAicol aGCiyttrainfeiMe «m (c«f ) (19). 
Plasmid pBG5-fieo contains the neomycin pliosphoiran»fciTO n {neo) and bleomycin (W*) determinaAtft of W a6) in place of the Wa 0M 
of pBOS. Flasimd pTV51T« oontniitt the pElSHTs tcmpcrBture-Kateilivc replicon (41), the letrauycUne resistance gene (frt) from pAMalM 
01)» and Tt^!7'tae 02), which contants A promocerlcss lacZ sscnc fiom E. coU wUb translation iniUatioo siginlB derived from B. muMu gene 
spoVG (31) and Ta9l7 ribosomal methytransferase (erm). Klenow refer* to trealmenl of restriction fro^roents with, the Uige 
subtflisMenerated fragment of E. coU DNA polymerwc I (21) iik the presence of deoxyribonucleoside tiipliospbatc9 to produce blunt ^ 
(43). Restriction endonudeaso abbreviations used: BcoHl (B), SMtl (Ss). Kpnl (K). Snwi (Sm), BamHl (B). Xba\ (X). Son (S), tstl (?)» Sph\ 
(Sp), ^fidni (H), and JOktI (Xb). 



tnuisposQn-encodcd erm gene. Protoplasts were plated onto 
DM3 plates (8) (0.5 M sodium succinate [pH 7], 0.^% 
Casamino Acids, 0,5% yeast extiBct, K2HP04f 0.15% 

KH2P04» 0.5% glucoso. 0.02 M MgCt|» 0.01% bovine soum 
albumia, 0.ft% agar) cootaining 1 |jig of erythnnnycia per ml 
and incubated at 3(fC. Erytbronaycin-resistant tiansfor- 
mants containing pLTV3 formed small Inform colonies (22) 
after 2 days and lazge colonies, in which the bacterial cell 
walls had regenerated, after 3 to 4 days. An L, monocyto- 
genes tiansfonnant containing pLTV3 was designated strain 
DP-I^IO. All unspecified reagents used were Iroin Sigma. 

DctermliMttDD oftnuispoeltlon fke qucacto . Single colonies 
of B, subtlUs DP-B982(pLTVl), DP-B983(pLTV3), or Z.. 
monocytogenes DP-L910(pLTV3) were picJecd after over- 
night growth at 30^0 on LB agar containing erythiDniycin, 
lincomycin, and tetracycline and used to inoculate 10 ml of 
LB cultures containing the above antibiotics. B., subtiUs 
FY313 containiilg pTVlTs (46) was also grown overnight and 
used to inoculate a culture as above, except that chloram* 
phenicol was used in place of tetracycline. All four cultures 
were grown with aeration at 30*0 to an optical density (600 
ran) of approximately 0.4. Dilutions of each culture were 
made, and the number of CPU at the permissive (3(rX^) and 
nonpennissive (4T*C for B. subtilis and 41"C for jL. monocy- 
togenes) temperatures for plasmid rcplicadon were deter- 
mined on LB agar containing erythromycin and Itncomycin. 



The transposhion frequencies were calculated by dividing 
the titers at the nonpennissive temperatures by those at 
30^, Transposition frequency detenninations were per" 
formed in triplicate for each strain, and the fluencies were 
then averaged. 

IsolnlioB of transposoD iBsertioaa. A sitigle colony of L. 
monocytogenes DP>L910(pLT V3) was used to inoculate 2 ml 
of brain heart infUsion containing erythromycin, Uncomycin, 
and tetracycline, and the culture was grown overnight at 
30°C to stationary phase. The overnight cuhure was inocu- 
lated 1/800 into brah heart inftision containing erythromycin 
and lincomycin, and the bacteria containing chromosomal 
transposon insertions were selected for by growth with 
aeration at 4l'*C untU stationary phase. This treatment re- 
sulted in a population of cells of which 90% were Bm% Lm', 
and Tc'» indicating loss of pLTV3 with retention of tranapo- 
soo insertions into the chromosome. Aliquou of the culture 
were directly fixaen in LB broth at -l^fC unUI later use. 
The frozen aliquots from a single culture wiU be referred to 
as transposon Insertion libraries of L, monocytogenes, 

ChamcteriTatkn frf hisertiooal nnituits. A total of LOOO 
colonies of monocytogenes from each of 10 separate 
transposon insertion libratles were patched onto minimal 
medium (44) to screen for 18 common auxotrophic types. 
Mutant strains tmable to grow on the minimal media were 
subsequently analyzed to detemune their specific anxo- 
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trophic requirements, as descril>ed by Davis ct al. (12). 
Nonhemolytic transposon insertion mutants of monocy- 
togenes were isolated by plating insertion libraries directly 
onto blood agar and screening for colonies^ lacl&ing a zone of 
hemolysis. 

Cloning of DNA- Bnnlchig transposon Insertions. Cbromo* 
soma! DNA from transposon insertion mutants of I., mono^ 
cytogenes was isolated as described by Fiamm et a|. (14). 
Chromosomal DNA was digested with Xbah followed by 
ligation in a lOCV^^l vohime at a DNA concentration of 5 
|i.g^ml. The ligated DNA was concentrated by ethanol pre- 
cipitation and used to transform E, coti HBlOl to Km^ 
Ptasmid DNA was isolated from Km' tinnsformants and 
analyzed by restrfetion enzyme analysis. 

Southern Wot analysis. Southcm blot analysis of transpo- 
son insertions in the L, monocytogenes hemolysin strtictuial 
gene, hfyA <27)» was done as previously described (6). 

RESULTS 

Constmctlon of pL.TVl and pLTVS. Id previous work (48), 
it was shown that insertion of foreign DNA into a particular 
region of Tn9i7 near the er/ir-proximal end did not affect 
tronsposition. Making use of two unique restriction sites 
present within this region of the transposon derivative in 
pTV51Ts, linearized pBG5 and pBGS-neo were inserted to 
create pLTVl and pLTV3, respectively (Fig- 1). The Tn9I7' 
derivatives in pLTVl and pL.TV3 were designated Tn^i7- 
LTVl and Th977-LTV3. respectively- The structures and 
functional properties of pl-TVl and pLTV3 were confirmed 
by the following criteria: restriction enzyme analysis (data 
not shown); ability to confer resistance to tetracycline and 
ampiciUin (pI-TVl) or tetracycline and kanamycin (pLTV3) 
in E. coii; ability to confer resistance to erythromycin, 
Uncomycin, tetracycline, and chloramphenicol in B. subUUs 
and L. monocytogenes, and ability of B. subtilis strains 
containing pLTVl or pLTV3 to form blue colonies on LB 
agar containing 40 |Ag of X-gaJ per ml (29). The parental L. 
monocytogenes 10403S had a low endogenous p-galactosi- 
dase activity, forming very light blue c<^Qiiies on LB agar 
aaer 48 h of growth at 3(fC- However, many transposon 
insertions Into transcriptionaQy active regions of the L. 
monocytogenes chromosome were easily detected above 
this background, causing colonies contahiing them to turn 
dark blue on X-gal plates. When subsequently examined in 
liquid culture » some of these insertions were found to 
prxMluce greater than 1,000-foKi more p-galactosidase activ- 
ity than Uie wild type. 

To determine whether the insertion of pBG5 orpBOS^neo 
into Tn9I7'lac affected transposition* the transposition fre- 
quencies of Tnd/ 7'LTVl and TnW 7-LTV3 in B. subtUis were 
determined and compared with an unaltered version of 
Tn9/7 (Table 1). The transposition frequency of Tn9/7ln A. 
subtiiis Was 5.8 X 10'', which was similar to that previously 
reported (47). Surprisingly, the transposition frequency of 
Tn9J7-LTVl and TnW7.LTV3 in B, subtitis was approxi- 
mately 100-fold greater. IVansposUion of Tn9/7-LTV3 in L. 
monocytogenes was approximately sevenfold less frequent 
than in B, subtiiis, which was similar to that previously 
reported for Tn9/7 (10). 

Randomness of transposon insertion In L. monocytogenes* 
To evaluate the randomness of Tn9/7 Insertions in the L. 
monocytogenes chromosome, 10,000 insertions (l,O0O from 
each of 10 independent libraries) Were characterized to 
deiermtne whether they included different kinds of auxo- 
trophic mutations. Insertional auxotrophic mutants were 
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TABLE 1. Transposition frequencies 



Bacteria 


TnasposOn 
(vector)^ 


flfequeiicy* 


B. suhritis 
B, subtHis 
subtitvt 
L, monocytogenes 
B. suhrilis 
B, subtiiis 


Tn9l7 (pTVl) 
Tn9/7-LTVl (pLTVl) 
Tn977.LTV3 (pLTV3) 
Tn9/7.LTV3 (pLTV3) 
Tn9i7'tac (pTVSlTa) 
Tn9/7-/iic (pTV32Ts> 


3.8 X 10-* (± 5.0) 
3.3 X 10-* (± 1.7) 

6.1 X 10-' (± 4.6) 

8.2 X 10^-* (i 2,5) 
2.0 X 10-^' 

8.0 X 10-**^ 



• Vector refers to tba plasmid on which each traosposon w«s carried ^rior 
to transposition Into ibc host chn>cnosome. 
^ Mean MKI flAndard deviation of three separate detenniiuitioiis. 
' Ooe detenninatkm. 



isolated at a frequency of 0.82%. Among the 82 auxotrophs 
isolated, the following common requirements were found: 48 
adenosine. 14 uracil, 8 proline, 5 i^ycine, 3 nicotinic acid, 2 
phenylalanine. 1 ^utamine, and 1 aromatic amino acids 
CTable 2). WUd-type L. monocytogenes strains require cys- 
teine, glutamine, isoleucinc, valine, aiginine. histkiine, me- 
thionine, tryptophan* thioctic acid, riboflavin, thiamine, and 
biotin for growth on a synthetic mining medium, which 
would have prevented the detection of sevisral common 
auxotrophic types (44). Thus, we obtained 8 of 18 possible 
common auxotrophic types screened for, suggesting that 
Tn9/7-LTV3 can insert into the L, monocytogenes chromo- 
some with a relatively high degree of randomness. Never- 
theless, as in subtUis^ there would appear to be hotspot 
regions of the chromosome Where insertions are more abun- 
dant (49). At least one of these hotspot regions apparently 
contains genes required for adepbie biosynthesis. 

To evaluate the insertional randomness within a single 
chromosomal locus in L. monocytogenes ^ we isolated inser- 
tions in the listcriolysin O structural gene, hiyA (27), that 
caused a nonhemolytic phenotype. Koidiemolytic Insertion 
mutants were detected at a frequency of 6 x 10"'- Eight 
independent insertions were mapped within hfyA^ of which 
tiiree formed blue ralonies on LB agar containing X-gal and 
had |)-gaJactosldase activities in solution 1,000-fold higher 
than the wild type. As hemolysin is strongly expressed on 
LB agar (A, Camilli and D. Portnoy, unpublished data), this 
suggested that transcriptional fusions between MyA and the 
transposon-containing lacZ gene had formed In these three 
mutants. The approximate sites of insertion and the trans- 
poson orientations Of the eight MyA insertions are shown in 
Fig. 2, 



TABLE 2. Auxotrophic types 


TtanspoaoD library 


Aaxotrapha iaqlatttd* 


1 


1 Ade. 1 aiy. 2 Pro« 1 Ura 


2 


3 Ade« 2 Ura 


3 


2 Ade, 1 Aro< 2 Oly» 1 Nic. 1 




Phe. 1 Ura 


4 


9 Adc, 1 OIn. I Gly. 2 Pro, l Ura 


5 


6 Adc, 1 Ura 


6 


1 Adc. 1 Nic. 3 Ura 


7 


7 Ade, 2 Pro. J Ura 


8 


10 Ade. 1 Nic. 1 Phe. 1 Ura 


9 


5 Ade, 1 Pro. 1 Ura 


10 


4 Adc. 1 Gly. 1 Pro. 2 Ura 


" Abbreviations: 


sdciKnifte (Ad«). aromatic «arly block (Aio). gtutamfaie 


(dii), glycine (Oly). idcotinio add (Nic). phenyfalaiuiio (Pbe). proliee (Pm). 


and uracil <Um). 
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hiyA 



0.5-kb 



1 MtM 



inscn B 

flO. 2. Physkat map of L, monocytogenes MyA chromosomal 
rvgkm showing sites of Td9/7-LTV3 insenioo and ckmcd flaoking 
ONA. Only sites for Xbol an: showa. The solid portion of hlyA 
represents the predicted &iKpal sequence (27). Locations of Td9/7- 
LTV3 inseftiods are indicated beSow hfyA by open trian^s. The 
transcriptional orientations of the transposon-assoinated lacZ gene 
are indicated by horizontal arrows below each insertion. The 
locations of cloned flanking sequences (insert sequences A and B) 
frMi\ two ti^sposon insertions are shown below MyA. Insert A was 
obiaincci, after digestion with Xbal^ IVom the transposon insertion 
dii«ctly above the 5* find of insert A. Insert B was similarly obtained 
from the transposon idsettion directly above Us 3' end. Mapping was 
based on single and double digestions of the cloned flailing se- 
quences with the appropriate restriction enzymes (data not shown), 
on Southern blot analysis of wild-type L. monocytogenes chromo* 
soma] DNA digests probed with labeled inserts A and B (data nOC 
Shown), and on the published hiyA sequence (27). 



Dlract donlng of DNA flankfaig trtmsposon taseriioBa. To 
dcmtMistrate that chromosomal DNA flanking the sites of 
transposon insertiods could be cloned directly into E. coU by 
u^ttg the ColEl neplicon wilhift Tn9/7-LrV3» wc cloned 
flanking DNA from two hfyA insertions. Takifig advantage of 
known restriction sites in the vicinity of MyA, DNA flanking 
the insertions was easily cloned by using the restriction 
enzyme XbaU Because an Xbal site is present in the 
polylinker crfTn977-LTV3, sequences cloned by using Xbal 
digests extended in one direction only» from Che site of 
insertion (Fig. 2 and 3). 

DISCUSSION 

Tpfocilitate the study of bacterial determinants of Lisiena 
monocytogenes pathogenicity, we have constructed tran^^ 
position-proficient derivatives of Tn917'!ac containing 
C:o]El replication functiotis. By using one of these derivar 
tives (Tn9/7-LTV3), wc have »hown that Tn9i7 can insert 
into the L. monocytogenes chromosome with a relatively 
high degree of randomness, generating lacZ transcriptional 
fusions when insertions occur within genes in the appropri- 
ate orientation. The presence of CotEl replication ftinctlona 
an4 polylinker cloning «>tes allowed the convenient and 
rapid cloning of flanking DNA. Unexpectedly, both derivar 
lives, tn9/7-LTVl and Tn9;7-LTV3, exhibited enhanced 
tr^sposition frequencies in subtills. Although the rcaM>n 



for the increased transposition frequencies was not deter- 
mined. It is possible that the level of expression of the Tn9/7 
transposase is increased in these coastnicts dtie to transcrip- 
tional rcadthrough from within the inserted ColEl replicons. 
In the case Tn9/7-LTVl, the iae promoter adjacent to the 
polylinker cluster in pBG5 (50) is positioned appropriately to 
direct transcription toward the Tn977 tranaposase gene. This 
promoter is deleted in Tn<>/7-LTV3 but is replaced by the 
promoter for the Tii5 Sm** gene (26). The increased frequen- 
cies of transposition of pLTVl and pLTV3 should greatly 
facilitate their use for tnsertional mutagenesis in B, subtilia, 
and potentially in Other gram-'positive bacteria as well, by 
reducing the culture voltmies necessary to produce transpo- 
son insertion libraries. 

Transposons TnP/7-LTVl and Tn977-LTV3 diff'cr only in 
the gnun-negative antibiotic resistance marker ccmtained 
within their ColEl-derived sequences. Althoi^ wc would 
expect thai the gram-negative bla gene present in Tn9/7- 
LTVl would not confer resistance to amptcillin in L. mono- 
cytogenes^ we considered it undesirable to introduce this 
gene into a pathogen for which ^lactam antibiotics are 
clinically important therapeutics* llius, we replaced the bia 
gene with the neo and ble genes f^om Tn5 in the construction 
of Tn9/7-LTV3. Although Tn9J7-LTV3 might be the trans- 
poson of choice for other gram-positive pathogens as well 
(e.g.. Streptococcus spp.), Tn9/7-LTVl should prove gen- 
erally more useful for inscrtiooal mutagenesis in nonpatho- 
genic gram-positive species since it contains addhkiiuil 
unique restriction sites within its polylinker region. Sche- 
matic examples of locZ fusions mediated by Tta9i7-LTV1 
and Tn9/7-LTV3 are shown in Fig. 3 to illustrate the kinds of 
lestrictton sites available in both transposon derivatives for 
the cloning of DNA flanking transposon insertions. 

The randomness of Tn9/7 insertions into chromosomal 
targets has been most extensively investigated in B, subtilis 
(40) and B. megaterium (3)» although the transposon has 
been shown to function efficiently in a broad range of 
bacteria, including both gram-positive and gram-negative 
species (24). Particulariy in B. subtilis, it would appear that 
insertions in some hotspot chromosomal regions are much 
more frequent than in others (49). Even within these hotspot 
regions, however, insertions are distributed quite randonily^ 
and insertions outside of hotspot regions are sufflcientty 
abundant and random to penntt very effective inscrtional 
mutagenesis (40, 49). Our restilts suggest that the same is 
true for L, monocytogenes. Although the distribution of 
inscrtional auxotrophic mutations was not completely ran- 
dom, many different kinds were recovered, even in this 
relatively limited study. Insertions within the hiyA gene are 
significantly more frequent than would be expected on a 
purely random basis, suggesting that this gene may be within 
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FIG 3 HypothcUcal chromosonml insertions of Tn9/7-LTVl (A) and Tn9/7-LTV3 <B>. In both cases, a transcriptional fUslon between 
the transpQaon-cootaining lacZ gene snd a chromosomal promoter is shown. Unique sites in or near the polytinkers* which can be usc^l to 
clone pdiaceiit sequence ftankhig the left end of the iiansposons, arc indScated by vertical arrows, Rcstrieiion endonudcase abbreviations 
uS; ffi (SsH Smcl (Sm). ifamHl (B). Xbal (X), San (S). Psil (P). SpM <Sp). HindlU (H). Xhol (Xh), and Bglll (Bg), 
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one of the hotspot regions of the L. monocytogenes chro- 
mosome. In addition, as in B. subiilis and other bacteria (46), 
appears to insert singly into the monocytogenes 
chromosome (data not shown). 

Despite the large size of Tn9/7-LTV3 (15.5 kilobases), it» 
ability to (i) insert randomly into the L. monocytogeneif 
chiomosome, (iO form transcriptional fusions wilh facZ^ and 
(iii) allow the direct cloning of DNA adjacent to insertions 
shouM ensure its utility in future mutational analyRis of L. 
monocytogenes. Similarly, TnPi7-LTVl, which provider 
even greater flexibility in the choices of restriction enzymes 
for doning adjacent DNA, should prove useftil for transpo- 
son otutagenesis in a wide range of other gram-positive 
bacteria and paiticularly in species where this transposon 
derivative exhibits the high transposition frequency seen in 
S. subtilis. 
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